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SECURE COMMUNICATIONS WITH LOW 
ORBIT SPACECRAFT USING QUANTUM 

CRYPTOGRAPHY 

The present invention generally relates to secure com 
munication systems, and, more speci?cally, to secure com 
munication betWeen earth and loW-orbit spacecraft. This 
invention Was made With Government support under Con 
tract No. W-7405-ENG-36 aWarded by the US. Department 
of Energy. The Government has certain rights in the inven 
tion. 

FIELD OF THE INVENTION 

Whenever sensitive information, be it military secrets or 
the proprietary information of corporations, is transferred 
from place-to-place, it becomes vulnerable to eavesdropping 
by unauthorized third parties, With potentially catastrophic 
consequences. This problem, Which has been existent for 
centuries, has been countered by What has become knoWn as 
cryptography, the science of secret communication. The 
primary goal of cryptography is the encryption of a message 
in a manner that Will render the message unintelligible to 
unauthoriZed third parties. 

This goal of cryptography is accomplished, With provable 
security, When both the sender and receiver of the message 
possess a secret random sequence, Whether letters, numbers, 
or bits, Which is referred to as the “key material.” This key 
material obviously is a valuable resource, meaning that the 
initial step in secure communications, the distribution of the 
key material to the tWo parties, must be accomplished With 
a high level of con?dence so that a third party cannot acquire 
even partial information about the random sequence of 
material. 

If the tWo parties Wishing to share secret information, 
conventionally referred to as “Alice” and “Bob,” are com 
municating solely through conventional messages, it is 
impossible for them to generate a certi?ably secret key. 
HoWever, certi?ably secure distribution is possible if the tWo 
parties communicate With single-photon transmissions using 
the technology knoWn as quantum cryptography. The high 
level of security achievable With this technology is based on 
the inviolability of the laWs of quantum mechanics. Because 
of Heisenberg’s uncertainty principle, a third party neither 
can successfully tap the key transmissions, nor can evade 
detection if he tries. This is due to the fact that any 
eavesdropping raises the key error rate above a predeter 
mined threshold value. Quantum cryptography avoids the 
cumbersome physical security aspects of conventional key 
distribution methods, and provides a secure alternative to 
key distribution schemes based on public key cryptography, 
Which are becoming vulnerable to advances in factoring 
algorithms and improved computing techniques. 
As earth satellites and other spacecraft become even more 

proli?c, issues relating to the security of earth to satellite 
communications have become exceedingly important. 
Particularly, satellite telemetry is becoming more suscep 
tible to eavesdropping even as the importance of satellite 
intelligence and the security of data and of command paths 
to spacecraft is continually increasing. Current methods for 
securing satellite telemetry transmissions against third party 
interception rely on the perceived dif?culty of interception 
of periodically uploaded random number generation “seeds” 
for use in cryptologics in the spacecraft and at a secure 
ground station. HoWever, these methods are open to 
eavesdropping, and are not demonstrably secure. 
A copending application by the inventor herein, US. 

patent application Ser. No. 08/647,479, ?led May 14, 1996, 
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2 
discloses an improved detector for practicing quantum cryp 
tography. It also contains a description of the practical 
aspects of using quantum cryptography in secure commu 
nications. 

The present invention provides a system for secure telem 
etry betWeen a loW-orbit satellite and a secure ground station 
utiliZing quantum cryptography based on non-orthogonal 
polariZation states of pulsed laser light, attenuated to a level 
of one photon per pulse. These polariZed photons are used to 
generate shared key material betWeen the satellite and the 
ground station through optical systems Which facilitate long 
range communication through space. 

It is therefore an object of the present invention to provide 
secure communication betWeen a spacecraft in loW-earth 
orbits and earth. 

It is another object of the present invention to utiliZe 
quantum cryptography techniques to provide secure com 
munication betWeen a spacecraft in loW-earth orbits and 
earth. 

It is yet another object of the present invention to provide 
secure communication betWeen a spacecraft in loW-earth 
orbit and earth using polariZed photons of light to transfer 
random key material. 

Additional objects, advantages and novel features of the 
invention Will be set forth in part in the description Which 
folloWs, and in part Will become apparent to those skilled in 
the art upon examination of the folloWing or may be learned 
by practice of the invention. The objects and advantages of 
the invention may be realiZed and attained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects, apparatus for 
generating a key to be used for secure communication 
betWeen a spacecraft in a loW-earth-orbit and an earth station 
comprises a laser for outputting pulses of light, With means 
for splitting the pulses of light into preceding bright pulses 
and delayed attenuated photon pulses. Polarizing and beam 
splitting means receive the preceding bright pulses and the 
delayed attenuated photon pulses for linearly polariZing the 
preceding bright pulses and the delayed attenuated photon 
pulses. A Pockels cell receives the polariZed preceding 
bright pulses and the polariZed delayed attenuated pulses for 
sWitching the linear polariZation of the delayed attenuated 
pulses so that a ?rst polariZed delayed attenuated photon 
pulse represents a “1,” and a second polariZed delayed 
attenuated photon pulse represents a “0,” the ?rst and second 
polariZed delayed attenuated photon pulses having any 
polariZation states Which are different, but not orthogonal to 
each other. A?rst telescope is in optical communication With 
the Pockels cell for transmitting the polariZed preceding 
bright pulses and the ?rst and second polariZed delayed 
attenuated photon pulses into space toWard the spacecraft. A 
second telescope at the spacecraft receives the transmitted 
polariZed preceding bright pulses and the ?rst and second 
polariZed delayed attenuated photon pulses, and a ?rst 
beamsplitter receives the polariZed preceding bright pulses 
and the polariZed delayed attenuated photon pulses for 
randomly directing the polariZed preceding bright pulses and 
the polariZed delayed attenuated pulses onto a longer path, 
or onto a second shorter path, the shorter path including 
means for changing the polariZation of the polariZed delayed 
attenuated pulses by a quarter Wave. A second beamsplitter 
receives the longer path and the shorter path for directing the 
polariZed preceding bright pulses and a ?rst portion of the 
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polarized delayed attenuated pulses to a ?rst detector, and a 
second portion of the polariZed delayed attenuated pulses to 
a second detector, the polariZed delayed attenuated pulses 
detected by the second detector being used for determining 
a key for secure communications betWeen the earth station 
and the satellite. 

In a further aspect of the present invention, and in 
accordance With its objects and principles, a method for 
generating a key to be used for secure communication 
betWeen a spacecraft in a loW-earth-orbit and an earth station 
comprises the steps of generating a random bit sequence at 
said earth station, and transmitting the random bit sequence 
to the spacecraft using polariZed photon pulses, a ?rst 
polariZed photon pulse representing a “0” and a second 
polariZed photon pulse representing a “1,” the ?rst and 
second polariZed photons having any polariZation states 
Which are different, but not orthogonal to each other, each of 
the polariZed photon pulses being preceded in time by a 
bright pulse; detecting the transmitted random bit sequence 
at the spacecraft to determine locations and values of 
detected bits, each of the locations being denoted by receipt 
of a bright pulse; transmitting the locations of the detected 
bits from the spacecraft to the earth station using conven 
tional communications; comparing the locations of the 
detected bits With the random bit sequence to determine a 
sequence of matching bits for use by the spacecraft and the 
earth station as a key for cryptographic information to be 
sent betWeen the spacecraft and the earth station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and form a part of the speci?cation, illustrate the embodi 
ments of the present invention and, together With the 
description, serve to explain the principles of the invention. 
In the draWings: 

FIG. 1 is schematical draWing of one embodiment of the 
components of the present invention used to polariZe and 
send light pulses. 

FIG. 2 is a schematical draWing of one embodiment of the 
components of the present invention used to receive and 
interpret light pulses. 

FIG. 3 contains a block diagram describing the functions 
of the various control components of the present invention. 

DETAILED DESCRIPTION 

The present invention alloWs secure communication 
betWeen earth stations and satellites in loW-earth orbits. It 
accomplishes this through application of quantum cryptog 
raphy techniques applied through novel optical arrange 
ments that enable secure long-range communication through 
space. The invention is most easily understood through 
reference to the draWings. 

In FIG. 1, a schematical draWing illustrates the compo 
nents of the present invention involved in sending photon 
pulses to a remote detector. Here, laser 11 outputs single 
pulses 11a, Which have a duration of approximately 100 ps, 
to optical ?ber 12 Which is connected to asymmetric beam 
splitter 13. Asymmetric beamsplitter 13 directs pulse 11b of 
single pulses 11a onto optical ?ber 14, and pulse 11c into 
?ber delay 15 and through attenuator 16, emerging as 
attenuated photon pulse 11d. Fiber delay 15 is effective in 
delaying attenuated photon pulse 11a' in optical ?ber delay 
15 by approximately 150 ns for timing purposes, and atten 
tuator 16 attenuates photon pulse 11a' to single photon level. 

The effect of this beam splitting is that each photon pulse 
11a' is preceded in time by brighter pulse 11b. This brighter 
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4 
pulse 11b, as hereinafter Will be described, initiates a period 
of about 100 ps at the receiving end for receipt of the 
attenuated and polariZed photon pulse 11d. 

Pulse 11b, neither has been attenuated nor delayed, and 
proceeds along optical ?ber 14 to ?lter 18. Filter 18 is a 
narroW band optical ?lter to assure that only the photon 
pulses pass through to polariZing beamsplitter 19. Beam 
splitter 19 imparts a de?nite linear polariZation to pulses 
passing through it. 

Aportion of each pulse 11b, 11a' from laser 11 is directed 
by beamsplitter 19 to beam monitor detector 21. This pulse 
is used to stabiliZe laser 11 so that laser 11 produces a 
predetermined output frequency of photon pulses of light. 

The pulses that pass through beamsplitter 19 are directed 
to Pockels cell 20. Pockels cell 20 is capable of changing the 
linear polariZation of pulses passing through it. This assures 
that the correct polariZation is imparted to photon pulses 11d 
before they are transmitted, but is disabled until pulses 11b 
have passed. For example, Pockels cell 20 could impart 
vertical (V) polariZation to photon pulses 11d intended to 
represent Zeros, and right hand circular (RHC) polariZation 
to photon pulses 11d intended to represent ones. This 
particular combination of polariZation states is used only for 
ease of explanation. Any other possible polariZation com 
bination also can be used, as long as the chosen polariZation 
combination is not orthogonal, one to the other. 

After passing through Pockels cell 20, pulses 11b, and 
photon pulses 11d, noW representing Zeroes and ones, are 
launched into space through sending telescope 17. 

Reference should noW be directed to FIG. 2, Where the 
receiving arrangement is schematically illustrated. As 
shoWn, launched pulses 11b and 11d are received through 
receiving telescope 28, and pass through narroW ?lter 21. 
NarroW ?lter 21 acts to assure that only pulses 11b, 11a' pass, 
and rejects any background present at its input. 

Bright pulses 11b encounter beamsplitter 22 Where they 
are split betWeen longer path 23 and shorter path 24. Bright 
pulses 11b exit polariZing beamsplitter 25 at output 25d, 
being detected by detector 27. The detection of a bright pulse 
11b by detector 27 initiates the above-described timing for 
receipt of a photon pulse 11d. 

After exiting narroW ?lter 21, photon pulses 11d pass to 
beamsplitter 22, Where each photon pulse 11a' is randomly 
directed either to longer path 23 or to shorter path 24, each 
terminating at polariZing beamsplitter 25. Shorter path 24 
includes quarter-Wave transform 24a for shifting the polar 
iZation of photon pulses 11d Which are directed into shorter 
path 24, vertical polariZation being shifted to left-handed 
circular (LHC) polariZation, and RHC polariZation being 
shifted to horiZontal polariZation, in the previous 
example. 

Photon pulses 11d Which have traversed shorter path 24 
and had their polariZation shifted by quarter-Wave transform 
24a are then directed to input 25a of polariZing beamsplitter 
25 in Which it Will be directed to one of outputs 25c, 25d 
depending on its polariZation. For example, if a particular 
photon pulse 11d noW has LHC polariZation, it Will be 
directed to output 25c and, With 50% probability, Will be 
detected as a Zero by detector 26. This represents the Zero 
sent, Zero measured case. 

HoWever, if a particular photon pulse 11d has RHC 
polariZation, it Will be shifted to H polariZation by quarter 
Wave transform 24a, and directed to input 25a of polariZing 
beamsplitter 25, and Will be output from output 25a' to 
detector 27. This photon pulse 11a' is not detected by 
detector 26, and is therefore not part of the key. This is the 
one sent, Zero measured case. 
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Photon pulses 11d Which have traversed longer path 23 
are presented to input 25b of polarizing bearnsplitter 25, 
delayed in time With respect to photon pulses 11d Which 
traversed shorter path 24. At polarizing bearnsplitter 25, 
RHC polariZed photon pulses 11d have a 50% probability of 
exiting at output 25c and being directed to detector 26 (the 
one sent, one rneasured case), While V polariZed photon 
pulses 11d eXit at output 25d and are not detected and are not 
part of the key (the Zero sent, one rneasured case). 

The components of the present invention Which provide 
the control functions to both the sending arrangement of 
FIG. 1, and the receiving arrangement of FIG. 2 are illus 
trated in block form in FIG. 3. Here, it can be seen that 
random number generator 31 is provided With a clock signal 
from sending computer 32, and outputs a string of random 
numbers to pockels cell 20 (FIG. 1) and to digitiZer input 
32d of sending computer 32. Through this input 32d, send 
ing computer 32 receives and stores the digitiZed string of 
random numbers. 
As previously discussed pockels cell 20 irnparts the 

correct polariZations to photon pulses 11d so that photon 
pulses 11d properly represent either the “ones” or “Zeroes” 
of the string of random numbers. Additionally, sending 
computer 32 provides laser trigger signals 32a to laser 11 so 
that it properly produces light pulses that will become bright 
pulses 11b and photon pulses 11d (FIGS. 1 and 2). Sending 
computer 32 is connected to receiving computer 33, at the 
earth station, by conventional communications link 32b. 
At the receiving end (FIG. 2), output 26a of detector 26 

is connected to AND gate 34, along With clock signal 33a 
from receiving computer 33. Clock signal 33a is delayed by 
time delay 35 in order to provide the coincident tirning 
betWeen arrival of a bright pulse 11b and the subsequent 
arrival of a photon pulse 11d. The output of and gate 34 is 
connected to receiving computer 33 for cornpilation. 

Output 27a of detector 27 (FIG. 2) is connected to AND 
gate 36 along With a time delayed output 27a from time 
delay 37. The output of AND gate 36 is passed through 2X 
attenuator 38 before being connected to digitiZer input 33d 
of receiving computer 33. 2X attenuator 38 is provided to 
alloW voltage discrimination between bright pulses 11b and 
photon pulses 11d (FIGS. 1 and 2). 

Both sending computer 32 and receiving computer 33 
have commercially available National Instruments DAQ 
cards installed for timing and acquisition control through 
commercially available LABVIEW® softWare interfaces 
(not shoWn). DigitiZer inputs 32d and 33d are part of the 
DAQ cards Which provide the necessary digitiZation of the 
various signals. 

In operation, a string of random numbers is generated at 
the sending end (FIG. 1) by random number generator 31 
(FIG. 3). This string of random numbers is input to Pockels 
cell 17 (FIG. 1) so that photon pulses 11d folloWing bright 
pulses 11b are polariZed correctly to represent the ones and 
Zeroes of the string of random numbers. 

At the receiving end (FIG. 2), each bright pulse 11b 
arriving at detector 27, as hereinbefore described, initiates a 
period of approximately 100 ps during Which a pulse single 
photon pulse 11a' is eXpected at detector 26. An “early” 
arriving single photon pulse 11d, being a single photon pulse 
11d Which has traversed shorter path 24 (FIG. 2), is de? 
nitely not RHC polariZed (not a one), but Was de?nitely V 
polariZed (a Zero). A “late” arriving single photon pulse 11d, 
being a single photon pulse 11d Which has traversed longer 
path 23 (FIG. 2), is de?nitely not V polariZed (not a Zero), 
but Was de?nitely RHC polariZed (a one). 
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6 
Detectors 26, 27 can be silicon avalanche photodiodes 

manufactured by EG&G. Other equally sensitive detectors 
also could be used. 
As each single photon pulse 11a' is detected by detector 

26, its corresponding value and its location, as denoted by 
receipt of a bright pulse 11b, is recorded (either a Zero or a 
one) in the order received by receiving computer 33 (FIG. 
3). Receiving computer 33 also determines the 100 ps 
WindoW after receipt of bright pulse 11b at detector 27 (FIG. 
2). After completion of the transmission from the sending 
end, the resulting string of locations as determined by 
receiving computer 32 (FIG. 3), not bit values, is sent back 
to sending computer 32, in a clear transrnission, if desired, 
over conventional communications link 32b (FIG. 3). Send 
ing computer 32 then uses the locations sent by receiving 
computer 33 to identify the bit values from its random 
number string corresponding to the received locations, and 
discards the unused bits of the string. The matching bits are 
then used in the cryptographic transrnissions betWeen the 
sending and receiving end. 

Laser 11 (FIG. 1) is preferably a 772 nrn ternperature 
stabiliZed serniconductor diode laser. This Wavelength is 
chosen because the atmosphere provides loW attenuation at 
this Wavelength. Additionally, the atmosphere is essentially 
non-birefringent, and only Weakly dispersive at the Wave 
length of 772 nrn, alloWing pulses 11b, 11a' to maintain their 
time pro?les and polariZations during transmission. 
HoWever, there Will be, of course, some attenuation and 
beam Wander because of atmospheric turbulence. This tur 
bulence Will affect the key rate, but not the error rate, 
because it is only those photon pulses 11d that actually 
trigger detector 26 (FIG. 2) that are used to generate the key. 
It is necessary only to generate some shared bits; particular 
bit values are not important. 

Assurning 20 cm optics for sending telescope 17 (FIG. 1), 
and receiving telescope 28 (FIG. 2), bearn Wander, due to 
atmospheric turbulence of approximately 10 times the dif 
fraction lirnit (i.e. 10 arc seconds of Wander), and a 300 km 
propagation path, the collection ef?ciency at the receiving 
end is approximately 10'“. Thus, With laser 11 (FIG. 1) 
having a pulse rate of 10 MHZ, a one photon-per-pulse 11d 
average, and an atmospheric transrnission ef?ciency of 
approximately 80%, single photon pulses 11d Will arrive at 
detector 26 (FIG. 2) at a rate of approximately 1 kHZ. With 
detector 26 having an assumed efficiency of 80%, and 
alloWing for the 25% intrinsic inef?ciency of the quantum 
cryptography protocol, a key generation rate of approxi 
rnately 100 HZ is feasible. The key generation rate can be 
increased by using a simple adaptive optics feedback system 
to control the direction of the transmitted bearn, thereby 
compensating for the effects of atmospheric turbulence. 

For secure transrnissions betWeen earth stations and air 
borne structures, the principal source of transmission errors 
Will be from background photons, With dark counts from 
detector 26 (FIG. 2) yielding a much smaller contribution to 
error. Assuming that the spacecraft With Which secure corn 
rnunication is desired is looking straight doWn toWard the 
earth at night, and a new moon, the background Would be 
approximately 10 RA_1, With 1R=106 photons s-1 cm‘2 (4 
pi-steradian)_1. If the detector apparatus in the spacecraft 
“sees” a solid angle approXirnately ?ve times the apparent 
siZe of the source at the earth station, or about 50 arc 
seconds, and With a 1 nrn bandWidth ?lter 21 (FIG. 2), there 
Will be approximately 500 HZ of background photons reach 
ing detector 26 (FIG. 2). With a detector 26 ef?ciency of 
approximately 80%, the probability of a background noise 
count in the 100 ps WindoW during Which polariZed photon 
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pulse 11a' is expected Would be approximately 4><10_8. 
However, for each polarized photon 11d transmitted, there 
Will approximately 2><103 “empty” time WindoWs, making 
the error rate on a moonless night approximately 8x10_5. On 
a night With a full moon, calculations have indicated a 
background of approximately 500 RA*, Which yields an 
increase of approximately 0.4% in the background error rate. 

Thus, in one minute of transmission time, approximately 
6,000 key bits could be generated, containing approximately 
24 errors in the case of a full moon, and less than one error 
on a moonless night. Employing conventional communica 
tion error correction and “privacy ampli?cation” techniques, 
it is possible to distill approximately 1000 pure “seed” bits 
Which contain no errors to a high degree of probability, 
Without revealing any key material to an adversary. This 
procedure can be accomplished easily during the feW min 
utes in Which the spacecraft is over the ground station. 

Of course, there might be only certain orbits Which meet 
the nighttime requirements of quantum cryptography, but, 
even using the pessimistic assumptions stated above, “seed” 
updating at the rate of once every feW days is feasible. 

The use of laser communications also is increasing 
betWeen ground to ground, ground to aircraft, aircraft to 
aircraft, and aircraft to spacecraft. As this technology 
matures it Will be possible to provide the present invention 
for this type of communications, rendering it secure through 
the use of quantum cryptography as taught herein. 

The foregoing description of the embodiments of the 
invention have been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and obviously 
many modi?cations and variations are possible in light of 
the above teaching. The embodiments Were chosen and 
described in order to best explain the principles of the 
invention and its practical application to thereby enable 
others skilled in the art to best utiliZe the invention in various 
embodiments and With various modi?cations as are suited to 
the particular use contemplated. It is intended that the scope 
of the invention be de?ned by the claims appended hereto. 
What is claimed is: 
1. Apparatus for generating a key to be used to secure 

communication betWeen a spacecraft in a loW-earth-orbit 
and an earth station comprising: 

a laser for outputting pulses of light; 
means for splitting said pulses of light into preceding 

bright pulses and delayed attenuated photon pulses; 
polariZing and beamsplitting means receiving said pre 

ceding bright pulses and said delayed attenuated photon 
pulses for linearly polariZing said preceding bright 
pulses and said delayed attenuated photon pulses; 

means for generating a string of random numbers; 
a Pockels cell receiving said polariZed preceding bright 

pulses and said polariZed delayed attenuated pulses for 
sWitching said linear polariZation of said delayed 
attenuated pulses and said string of random numbers so 
that a ?rst polariZed delayed attenuated photon pulse 
represents a “1,” and a second polariZed delayed attenu 
ated photon pulse represents a “0,” in accordance With 
said string of random numbers, said ?rst and second 
polariZed delayed attenuated photon pulses having any 
polariZation states Which are different, but not orthogo 
nal to each other; 

a ?rst telescope in optical communication With said 
Pockels cell for transmitting said polariZed preceding 
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bright pulses and said ?rst and second polariZed 
delayed attenuated photon pulses into space toWard 
said spacecraft; 

a second telescope at said spacecraft for receiving said 
transmitted polariZed preceding bright pulses and said 
?rst and second polariZed delayed attenuated photon 
pulses; 

a ?rst beamsplitter receiving said polariZed preceding 
bright pulses and said polariZed delayed attenuated 
photon pulses for randomly directing said polariZed 
preceding bright pulses and said polariZed delayed 
attenuated pulses onto a longer path, or onto a second 
shorter path, said shorter path including means for 
changing said polariZation of said polariZed preceding 
bright pulses and said polariZed delayed attenuated 
pulses by a quarter-Wave 

a second beamsplitter receiving said longer path and said 
shorter path for directing said polariZed preceding 
bright pulses and a ?rst portion of said polariZed 
delayed attenuated pulses to a ?rst detector and a 
second portion of said polariZed delayed attenuated 
pulses to a second detector, said polariZed delayed 
attenuated pulses detected by said second detector 
being used for determining a key for secure commu 
nications betWeen said earth station and said satellite. 

2. The apparatus as described in claim 1, further com 
prising a narroW ?lter means for ?ltering out background at 
said earth station and at said satellite. 

3. The apparatus described in claim 1 Wherein said laser 
operates at a Wavelength of 772 nm. 

4. The apparatus as described in claim 1 Wherein said ?rst 
and second detectors comprise silicon avalanche photodiode 
detectors. 

5. The apparatus as described in claim 1 further compris 
ing a third detector connected to said polariZing means for 
providing pulses for stabiliZing said laser output. 

6. A method for generating a key to be used to secure 
communication betWeen a spacecraft in a loW-earth-orbit 
and an earth station comprises the steps of: 

generating a random bit sequence at said earth station; 

transmitting said random bit sequence to said spacecraft 
using polariZed photon pulses, a ?rst polariZed photon 
pulse representing a “0” and a second polariZed photon 
pulse representing a “1,” said ?rst and second polariZed 
photons having any polariZation states Which are 
different, but not orthogonal to each other, each of said 
polariZed photon pulses being preceded in time by a 
bright pulse; 

detecting said transmitted random bit sequence at said 
spacecraft to determine locations and values of detected 
bits, each of said locations being denoted by receipt of 
a said bright pulse; 

transmitting said locations of said detected bits from said 
spacecraft to said earth station using conventional 
communications; 

comparing said locations of said detected bits With said 
random bit sequence to determine a sequence of match 
ing bits for use by said spacecraft and said earth station 
as a key for cryptographic information to be sent 
betWeen said spacecraft and said earth station. 

* * * * * 


